INTRODUCTION
It has been shown before that upon high accumulation of anthocyanins, anthocyanin vacuolar 161 inclusions (AVIs) are formed inside the cell vacuoles in different plant species (Grotewold, 2006) ; 162 (Chanoca et al., 2015) . The accumulation of such AVIs were also observed here in tomato leaf 163 epidermal cells when anthocyanin formation was induced by DEX ( Supplemental Fig. S1A ). 164 165 ROS1 and DEL induced metabolites in tomato seedlings 166 When ROS1/DEL were expressed in the leaves of Nicotiana, a single anthocyanin and a 167 range of non-flavonoid phenolic compounds (e.g. polyamine and nor-nicotine conjugates) were 168 produced (Outchkourov et al., 2014) , while in tomato fruit, ROS1/DEL expression lead to production 169 of a set of complex anthocyanins and flavonoids (Butelli et al., 2008; Tohge et al., 2015) . This 170 suggests that the identity of ROS1/DEL regulated metabolites depends on the species or tissue, but at 171 present there are no data available of the consequence of ROS1/DEL expression in tomato vegetative 172 tissues. To test this, ROS1/DEL were induced in leaf and root tissue from ROS1/DEL line 4, and an 173 untargeted metabolite analysis was performed. Seedlings were incubated with or without the addition 174 of DEX for 24 hours, 5d and 14d, then extracted with methanol and analysed by liquid 175 chromatography -photodiode array -mass spectrometry (LC-PDA-MS) (Fig. 2 , A-C and Supplemental 176 Fig. S1 , B-C). A rapid induction of anthocyanins (absorbing at 520 nm) was observed within less than 177 24 hours after DEX application, in both roots and aerial parts of the seedlings (Fig. 2 , A-C and S1, D-G). Thus, ROS1/DEL expression induced predominantly anthocyanin in tomato leaf and root 206 tissue, in addition to a number of flavonoids, most of which were known to be induced in tomato fruit. 207 In contrast to Nicotiana, no major changes in non-flavonoid metabolites could be observed in tomato 208 root and shoot.
209
Transcriptome analysis in callus and roots 210 To obtain a detailed understanding of ROS1/DEL function in regulating secondary 211 metabolism, we identified genes that are controlled by these TFs on a genome-wide scale in both 212 undifferentiated and differentiated tissue. Studying callus tissue, consisting of basically uniform, non-213 differentiated cells, has the advantage that developmental programs will not influence the 214 transcriptional response to ROS1/DEL expression. On the other hand, root tissue is highly 215 differentiated and can respond rapidly to developmental cues, which will allow to address the 216 interaction of ROS1/DEL controlled secondary metabolism with developmental processes. Therefore, 217 transcriptional changes upon ROS1/DEL activation were studied in roots of ROS1/DEL line 4 and of 218 three callus cultures from independent primary transformation events. Time points were selected 219 based on the presence of the anthocyanin biosynthetic proteins, anthocyanin synthase (SlANS) and 220 dihydroflavanol 4-reductase (SlDFR), which have both previously been shown to be induced by ROS1 221 and DEL (Butelli et al., 2008) . Antisera were developed that recognize recombinant SlANS or SlDFR 222 proteins and these were used to monitor expression of both proteins by western blot. SlANS was 223 detectable as early as 3h after induction and was increased significantly after 24h in both callus and 224 roots (Supplemental Fig. S2 ). The DFR protein was clearly detectable after 24h. Therefore, samples 225 for transcriptome analysis were taken after 3h and 24h.
226
In vitro-grown callus, deriving from three different primary transformants (T0) and seedlings of 227 line 4 (T2 generation) were transferred to fresh media with and without DEX and samples were 228 collected at 3 and 24h post induction. RNA was extracted and cDNA was analysed by Illumina 229 sequencing. Reads were mapped onto tomato gene models to which the ROS1 and DEL cDNA 230 sequences were added, and gene expression data were calculated. In total, expression of 5295 genes 231 significantly changed more than two-fold (n=3; FDR < 0.05) for at least one of the time points or 232 tissues, relative to untreated materials. Genes that were affected by ROS1 and DEL induction across 233 all tissues and time points formed only a small subset of these genes, as can be observed in the Venn 234 diagrams in Fig. 3A . From a total of 5295 differentially-regulated genes, 220 were consistently 7 upregulated and 205 were consistently down regulated in both tissues, callus and roots, and at both 236 time points. This set of overlapping genes was used as the core of 425 genes affected by ROS1 and 237 DEL ( Supplemental Table S2 ).
238
To obtain an overview of the functional implications of transcriptional changes mediated by 239 ROS and DEL induction, gene ontology (GO) annotations for the 425 consistently regulated core 240 genes were analyzed (Fig. 3B ). This was done by comparing, for each GO category, its frequency 241 among the 425 core genes to its frequency among all annotated genes in the tomato genome. In this 242 way, GO categories that were overrepresented among the set of up-regulated or among the set of 243 down-regulated genes were obtained. Significantly overrepresented GO categories among the 244 upregulated genes were involved in the biosynthesis of phenylpropanoids, flavonoids and 245 anthocyanins, as well as responses to different types of known anthocyanin-related stresses such as 246 carbohydrate stimuli (Das et al., 2012) . These functions obviously are relevant for the well-known role 247 of ROS1/DEL in anthocyanin biosynthesis. Interestingly, the upregulated genes were also enriched 248 for GO categories involved in lipid biosynthesis and epidermal cell specification. Among the genes 249 down-regulated by ROS1/DEL expression, GO terms involved in cell wall organization, root 250 morphogenesis and the differentiation of trichomes and epidermal cells were overrepresented. It is 251 remarkable that GO categories that are known to function in specific differentiated tissues (e.g. root 252 epidermis, leaf trichomes) were found to be consistently regulated by ROS1/DEL. Apparently, genes 253 with these functions are also regulated by ROS1/DEL in undifferentiated callus, where they have no 254 clear significance to the tissue. indicates that the pentose phosphate pathway is not under direct regulation of ROS1 and DEL, but is 272 upregulated in the root when an enhanced supply of carbon into the shikimate pathway is needed.
273
Biosynthetic genes not known to participate in anthocyanin biosynthesis were also found to be 274 regulated by ROS1/DEL expression, including for instance, genes important for auxin homeostasis. A 275 number of auxin transporter genes (PINs and LAXs) were already found to be downregulated 3h after 276 DEX induction (Table S2) . Gene homologous to Auxin-regulated Indole-3-acetic acid-amido 277 synthetase, GH3.4 (Liao et al., 2015) was up-regulated upon DEX addition (Table S2) among the ROS1/DEL-regulated TF genes, were several that are annotated with the GO-category 288 epidermal cell fate. One of these genes is the tomato MIXTA-like TF, which is a key regulator of 289 epidermal cell patterning and cuticle assembly in tomato fruit (Lashbrooke et al., 2015) . Also, a 290 homologue of Glabra2 (GL2), known to be involved in root and trichome developmental programs in Besides the genes found to be regulated in both callus and root tissues and at both time 320 points, a number of GO-categories was found to be overrepresented among genes regulated 321 differentially in only one of the tissues (Supplemental Fig. S4A ). This analysis was performed in the 322 same way as described above for the set of 425 genes, but this time separately per tissue. Specifically 323 for genes differentially regulated in callus, a set of genes involved in transcriptional regulation was 324 observed. These genes consisted of a set of 18 TFs, from diverse TF families. These TFs are different 325 from those identified to be regulated in all tissues (the core set of genes 
353
Among the genes that were highly upregulated by ROS1/DEL, were putative anthocyanin 354 acyltransferases (AAT), which could potentially contribute to modification of the anthocyanins. Two
355
AAT genes, Solyc08g068710, here referred to as AAT-1, and Solyc12g088170, referred to as AAT-2, 356 were tested for their effect on anthocyanin biosynthesis. While AAT-1 silencing did not result in any , 1996) and stomata formation (Lin and Aoyama, 2012). 372 We therefore hypothesized that ROS1/DEL overexpression, through upregulation of a homologue of 373 GL2, would have similar effects on tomato. Therefore, several tissues were inspected for 374 morphological perturbation.
375
To address the effect of ROS1/DEL overexpression on root morphology, 5d old seedlings of 376 ROS1/DEL lines 4, 8 and 11, WT and EV (control) plants were transferred to tilted MS-agar plates with 377 or without DEX. After 4d of growth, the newly-formed parts of the root were studied for root-hair length.
378
The ROS1/DEL plants showed purple roots with much shorter root-hairs than plants grown on plates stomata on newly-formed leaves could be observed using microscopy (Supplemental Fig. S5, A-B ).
392
Also, no changes in chlorophyll levels were observed by spectral analysis (Supplemental Fig. S5D ).
393
Notably, leaf conductance in the DEX-induced ROS1/DEL plants was reduced by ± 25% 394 (Supplemental Fig. S5C ). However no consistent differences in stomatal opening could be observed 395 using a binocular microscope, indicating that transpiration rates are potentially lowered in these plants 396 by other mechanisms.
397
Seed germination was strongly affected by ROS1/DEL overexpression. While DEX itself 398 hardly affects germination of control seeds, germination of ROS1/DEL seeds of lines 4 and 11 was 399 strongly delayed on DEX medium, compared to non-DEX medium (Supplemental Fig. S6C ). When 400 seedlings were germinated on non-inducing medium, and then transferred to DEX containing medium 401 after 5d, no growth retardation upon ROS1 and DEL activation was observed.
402
Combined these results strongly indicate that regulation of anthocyanin signalling is linked to 403 various developmental programs, some of which are executed in a tissue specific manner.
DISCUSSION

406
In this work, we have engineered tomato plants with a DEX-inducible system for anthocyanin 407 biosynthesis, to study the systems biology of a secondary metabolic pathway in tomato. This is the 408 first time that such a system has been used in a crop species such as tomato. conditions. In addition, one can observe tissue-specific responses at the transcriptional level which 429 provide insights into the interactions between the ROS1/DEL-controlled processes, and the local, indicating that the regulation of the UBI10-GVG system is sufficiently tight to provide a no-expression 439 condition, which is very useful for systems biology approaches. Constructs used for transactivation assay 585 The GL2 promoter (pGL2, 1938bp) was amplified from tomato genomic DNA using the primers 586 Gl2promoterFw and Gl2promoterRev (Table S4 ). The fragment was A-tailed and inserted into the painted onto leaves of 9d old seedlings (T2 generation). After inoculation with Agrobacterium, 602 seedlings were kept at 21 o C and allowed to recover and grow for 24 days before DEX induction.
603
Activation of ROS1/DEL by dexamethasone was done by placing seedlings on agar containing 10 604 mg/L dexamethasone for 3d, after which the seedlings were harvested for analysis.
605
Trans-activation assays 606 Agrobacterium clones were grown for 24 hours at 28°C in LB medium (10g/L tryptone, 5g/L Yeast 607 extract, 10g/L NaCl) with antibiotics (kanamycin 50μg/ml or spectinomycin 100μg/ml and rifampicin 608 25μg/ml). The OD of the cultures was measured at 600nm and the bacteria were re-suspended in 
